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Abstract.——Survival and growth of direct—seeded
longleaf, slash, and Choctawhatchee sand pines were com-
pared with that of nursery—grown 1-0 seedlings on a typi-
cal sandhills site. Nursery seedlings of all species
grew faster initially, but by age 8 growth rates were
similar for trees on both planted and seeded areas.
Trees on the planted areas, however, are still signifi-
cantly larger than those on seeded areas because of the
advantage gained in the early years. Direct—seeded slash
and longleaf pine plots are no~ understocked and, because
of mortality from brown—spot needle blight, planted long-
leaf plots are also poorly stocked. Planted slash pine
plots are fairly well—stocked but growth rates have been
poor. Sand pine had the best rate of growth and was the
only species successfully established by direct seeding.

INTRODUCTION

About 8 million acres of sandhills are scat-
tered throughout the southeastern coastal plain
of the United States. These marine deposits
from the Pleistocene epoch are an important
physiographic feature of central and northwest
Florida. They also occupy significant areas of
Georgia, South Carolina, and North Carolina in
the transition zone between the upper coastal
plain and the piedmont (Burns and Hebb 1972).
Sandhills soils are typically acid, infertile,
and droughty. Because of sorting action during
deposition they are largely quartz sands, rang-
ing from a few feet to more than 20 feet deep.

The sandhills were once dominated by rela-
tively open stands of longleaf pine (Pinus pal

—

ustris Mill.) but only scattered patches and
isolated trees remain. Most sites were claimed
by a scrub oak-wiregrass understory following
removal of the longleaf in the early 190

0’s.
This scrub vegetation is principally turkey
(Quercus laevis Walt.), bluejack (Q. incana
Bartr. , and sandpost (Q, stellata var. margar

—

etta (Ashe) Sarg.) oaks, and wiregrass (Aristida
stricta Nlchx.).
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The Chipola Experimental Forest was estab-
lished in northwest Florida by the USDA Forest
Service in the early 1950s to develop methods
for making sandhills more productive forest
sites. Initial observations indicated that di-
rect seeding might be used to establish pine
plantations on these areas. Direct seeding is
cheaper than planting nursery—grown seedlings.
The objective of this study was to compare the
survival and growth of direct—seeded longleaf,
slash (P. elliottii Engelm.), and Choctawhatchee
sand (PT clausa var, immuginata Ward) pines with
nursery—grown 1—0 transplants on site—prepared
scrub oak sandhills,

METHODS

Study Site

The study site is 1.3 miles west of the
Chipola Experimental Forest headquarters (NW 1/4
of Sec. 5, T 1 5, R 10 W) in Calhoun County,
Fla. The soil is a typical droughty, deep sand
of the Lakeland series. The site was burned in
May, chopped in July, and rechopped in August
1958. Plots established in 1963 were disked in
November 1962; plots established in 1964 were
disked in November 1963.

Experimental Design

A randomized block, split—plot design with
treatments replicated over time included four
blocks with 12 plots within each. Within each
block, species were randomly assigned to a group
of four plots. i.e., the main plots. These four
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plots were randomly selected for direct sowing
oKplanting, two in 1963 and two in 1964. Plots
were 16 by ‘200 feet and contained 50 seed spots
or transplants, two rows of 25 each.

Establishment

Seeds were collected from natural stands of
longleaf and slash pine on the Chipola Experi-
mental Forest in the fall of 1960. Sand pine
seeds were collected on the Eglin Air Force Res-
ervation in the fall of 1961. Germination aver-
aged about 70 percent in tests of all seed lots
before and after study establishment.

A repellent coating of Arasan® and endrin
was applied to direct—sowed seeds. Twelve seeds
were sowed at each seed spot with spots at an 8—
by 8-foot spacing. Seeds were covered with 1/4
to 3/8 inch of soil and a hardware mesh cone was
placed over the seed spot for protection from
predators. Some type of seed protection is nec-
essary on small areas cleared in scrub oak
sites but would not be required on larger oper-
ational-scale areas. One year after sowing, the
cones were removed and all but the largest seed-
ling was removed from spots with multiple
seedlings.

Seedling stock was grown in the Chipola Ex—
perimental Forest Nursery. After 1 year in the
nursery, seedlings were lifted and dibble plant-
ed in the field at an 8— by 8—foot spacing. Di-
rect seeding and planting 1-0 stock was done in
February for both the 1963 and 1964 plots. Fall
or winter is the recommended season for direct
sowing longleaf, slash, and sand pine in this
area (Burns and McReynolds 1975), but a February
date was used to coincide with the date seeds
were sowed in the nursery for the planting
stock.

Data Collection and Analysis

Heights and survival were recorded annually
on all plots from ages 1 to 10 years. Tree dia-
meters were measured on all plots at age 10.
Heights and diameters were measured on the sand
pine plots only at 20 years of age. Initial
survival for direct—seeded plots was based on
the 12 seeds planted at each seed spot. Survi-
val data after 1 year were based on the number
of planting or seed spots. Other than the init-
ial survival of direct—sowed seedlings, there
were no significant differences between the 1963
and 1964 plots so data were combined for analy-
sis and presentation.

RESULTS AND DISCUSSION

Based on the 12 seeds planted at each seed
spot, survival at the end of the first planting
season was 19, 14, and 58 percent for longleaf,
slash, and sand pine, respectively, for the 1963
planting, and 75, 69, and 79 percent, respect-
ively, for the 1964 planting. The difference In

initial survival was largely due to a dry period
in March and April of 1963 when total rainfall
for the 2—month period was less than 2 inches.
Even though survival was low for direct-seeded
plots in 1963, at least one seedling survived at
each planting spot. Thus, all plots for both
years were fully stocked after 1 year.

Between ages 1 and 10, mortality was rather
high on the direct—seeded loryleaf and slash
pine plots, and both were understocked at age 10
(Table 1). Plots direct seeded to sand pine had
an acceptable density of 325 trees per acre af-
ter 20 years. Plots planted to longleaf were
understocked due to losses from brown-spot
needle blight (Scirrhia acicola (Dean.) Sig—
gers). Planted slash and sand pine each had
more than 80 percent survival after 10 years.

Tab Jo 1.—— Stock ins ,,o,i

~andhlJit site.

Est nAil
nethod

Stock,oo O,ot ‘.5’. Vi,”’

No/acre Inches net ‘c ‘acre

I. itoiS i Si P

Direct seeded 215 1.1 2.2 H

Planted 227, 17.5 .2 35

SLASH Pl5~
liii

Direct seeded 121) 1.? 15 22
Planted AbA 3.1 17,2 PbS

CH2CIAAHRTCHTT iS
lose 2

Direct seeded ISA 3.1 2.1 221
Planted ASH 1,7 715 1:27

CAST THAHA ItHS F 5552 7
(‘2

Direct seeded 32S 6.2 22k 1122
Plantec 625 6,2 17.2 3152

All dirlereoces 0 )CPalC 1 crA7n2 o oetHoO of ‘5—

tallishoent are ~totjst,coiiy s,~~t,ont at the ii.i77,
lone

1

2/ Hoboes ire for tAr rolir’ Acle isiS, ,rA. Lnn~1~of

and slasH Dine nolones ire 1,5,2 V emOtiOnS (ron

Schoict and liower 1)1.7).

During the early years of the study, planted
stock grew at a faster rate than direct-seeded
trees (Fig. 1). Since about age 0, however,
height—growth rates have been nearly equal for
both establishment methods. The initial advan-
tage of the planted trees was still evident af-
ter 10 years, with planted santi pine averaging
6.4 feet taller, planted slash pine 5.7 feet
taller, and planted loepleaf pine 3.2 feet tal-
ler than the di rect—seeded trees of the same
species (Table 1), Average diameters at. age 10
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were also greater for the trees established by
planting. These height and diameter advantages
of the planted stock continued for sand pine
through age 20.
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Figure 1.--Average tree heights by species, age,
and establishment method.

Because of poor survival and lower growth
rates, direct-seeded plots produced much less
wood than the planted stands at 10 years of age
(Table 1). Plots planted to longleaf and sand
pine contained about four times as much wood as
direct—seeded plots while planted slash pine
plots contained nine times as much wood as di-
rect-seeded plots. The difference in volume
between direct—seeded and planted sand pine had
diminished somewhat by age 20, but planted plots
were still superior.

Some of the observed height advantage was
because planted trees were 1 year older than
direct-seeded trees. The height of direct-seeded
trees, however, lagged 2 or more years behind
the planted stock. Thus, planted trees had more
than just an age advantage. Because of their
initial height, planted trees were better able
to deal with competing vegetation and suffered
less growth loss. Because these sandhills sites
tend to be infertile, some of the difference in
growth was likely due to nutrients that the
planted stock accumulated while in the nursery.

Once both types of trees were above the competi-
tion and dilution effects had mediated the nu-
trient differences, an equalization in mean an-
nual height growth would be expected. Sand pine
height growth between ages 10 and 20 averaged
2.25 and 2.3 feet per year on direct-seeded and
planted plots, respectively, while diameter
growth was 0.23 and 0.22 inches per year. Thus,
as expected, growth rates did equalize.

Even though all plots were fully stocked at
the end of the first growing season, poor stock-
ing at age 10 was a significant problem with the
direct—seeded longleaf and slash pine plots.
For longleaf pine this was primarily because of
brown-spot disease, which could be controlled to
reduce mortality. Seeding rates could also be
adjusted to compensate for expected mortaliCy.
H6wever, even when adequate stocking was obtain-
ed, as it was in the planted longleaf and slash
pine plots, growth rates were still inferior to
that of sand pine.

CONCLUSIONS

Choctawbatchee sand pine had the best growth
in both direct—seeded and planted plots. This
would be expected since Choctawbatchee sand pine
has consistently outperformed all other species
tested on these sandhills sites (Brendemuehl
1981). In addition, sand pine was the only
tested species where adequately stocked stands
were established by the direct-seeding method of
regeneration. Even though successfully estab-
lished by direct seeding, because of the limited
seed supply and the slower initial growth com-
pared with planted seedlings, planting in most
cases would be preferred. The only advantage of
direct seeding is lower establishment cost.
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